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Abstract

X-Ray Diffraction (XRD) is a technique which can be done in both single crystal and powdered
form with powdered form being most helpful in geologic settings. The powdered form of XRD
has the potential to test for mineral identification, mineral proportions, degree of crystallinity
and deviations from ideal proportion. (Flohr 1997) Mineral identification by XRD is done by
taking the powdered sample and exposing it to X-rays and detecting the amount refraction at a
specific angle. (Flohr 1997) The measured angle can then be converted to a d-spacing by using
Bragg’s Law, which states nλ=2dsinϴ. (Flohr 1997) Using this d-spacing which is another way to
say the space between each layer in a mineral a mineral can be identified because of a
minerals unique set of spacings between layers. (Flohr 1997) The repetition of the minerals
structure is what allows for the repletion to occur in the powdered sample and the uniqueness
of each set of spacings allows for the identification of a mineral. (Flohr 1997)
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Fig. 2 XRD spectra of Quartz and K-Feldspar in various ratios. Note similarity in peak
height at 26.7 and 27.6 deg. 2ϴ
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Fig. 4 XRD spectra of Quartz and Hornblende in various ratios. Note similarity of peak
height at 26.7 deg. 2ϴ .
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Fig. 1 a) Sample of Hornblende before crushing,
b) Sample of K-Feldspar before crushing)
Sample of Quartz before crushing, d) Picture of
the mill used to create the powdered sample,
sharpie for scale in a ,b and c
Fig. 3 XRD spectra of K-Feldspar and Hornblende in various ratios. Note similarity of
peak height at 27.6 deg. 2ϴ.
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Powdered x-ray diffraction (XRD) is a technique that has the power to identify
minerals and the proportion of the minerals in a mixture. A mineral is defined by
a repeatable set of planes between atoms that form the crystal lattice. It is this
repetition that allows the process of XRD to work. The process is done by taking
a powdered sample and placing it into the machine and then shooting x-rays into
the sample causing diffraction. From this using Bragg’s Law 𝑛𝜆 = 2𝑑 sin(𝜃) we
can determine the d-spacing which is how an identity is determined for a sample
and the intensity of each angle measured is used for determining proportions of
the sample. The samples chosen to test the accuracy were composed of Quartz,
K-Feldspar and Hornblende. These were first run as pure samples and then in a
variety of mixtures to compare known ratios to XRD-determined ratios.
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XRD slides were prepared from crushing samples of quartz (Q), hornblende (Hb)
and K-feldspar (KSp). Each sample was identified in hand sample and then placed
into a 800M mixer/mill to create a powdered form of each sample. After being
powdered the samples were placed into a sealed container until it was time to
mix them together. Pure XRD slides of each sample were run first to confirm
hand sample identification and obtain a reference code to compare each sample
with. After a set of slides was prepared using ratios of 4:1, 1:1 and 1:4 for each
mineral and a set of 1:1:1 and 2:1:1 for quartz was also prepared. The slides
were prepared using ratios by weight and mixed in capped vials. After mixed the
samples were loaded onto the XRD slide and compacted and capped. The
samples were then run in the X’Pert XRD machine using a scan from 5-60 of 2ϴ
at 40V. Afterwards the scans were used to create graphs comparing known ratios
and XRD determined ratios to compare error and intensity versus 2ϴ to
determine if XRD could detect part of the mineral there.
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Fig. 5 XRD spectra of Quartz, K-Feldspar and Hornblende in ratios of 1:1:1 and 2:1:1 in
favor of quartz.

Results
Initially the samples were run as pure to obtain reference codes for determining the ratios of sample present. They were 01-085-0795 for quartz,
04-023-1766 for K-Feldspar, 04-017-1022 for the Albite within the K-Feldspar and 01-085-1424 for Hornblende. Then the mixtures of minerals
were run, and Fig. 2 shows a comparison of Quartz and K-feldspar in ratios of 100% Quartz, 4:1, 1:1, 1:4 (Quartz:K-Feldspar) and 100% KFeldspar. The graph shows the Quartz intensity decreasing and the K-Feldspar increasing in intensity going front to back and Quartz main peaks
at a 2ϴ of 26.7 and K-Feldspar main peaks at a 2ϴ of 27.6 and 28. Fig. 3 shows a comparison of K-Feldspar and Hornblende in ratios of 100%
Hornblende, 4:1, 1:1, 1:4 (Hornblende:K-Feldspar) and 100% K-Feldspar with intensity decreasing for hornblende and increasing for K-Feldspar in
a front-back view with 2ϴ for K-Feldspar the same as in Fig. 2 and for Hornblende it has peaks at a 2ϴ of 27.2 and 28.4. Then ratios of
Hornblende-Quartz ranging from 100% Hornblende, 4:1, 1:1. 1:4 (Hornblende:Quartz) and 100% Quartz were run and the results and shown in
Fig. 4, which shows a trend of increasing Quartz and decreasing Hornblende intensities front to back. The 2ϴ angles for Hornblende and Quartz
are the same as above. Fig. 5 shows a comparison with all 3 minerals present in ratios of 1:1:1 and 2:1:1 (Quartz:K-Feldspar:Hornblende) and
pure samples for all 3 minerals. This indicates a increase in intensity for Quartz and a decrease in intensity for Hornblende and K-Feldspar when
quartz was increased. Then the accuracy was tested in Fig. 6a and b, a shows a graph of %Feldspar vs %Hornblende and b shows a graph of
%Feldspar vs. %Quartz. These both show the known ratio against the XRD determined ratio with and without albite correction.
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Fig. 6 a) Comparison of Known vs. XRD
determined percentage for
Hornblende. b) Comparison of Known
vs. XRD determined percentage for
Quartz.

From all the data gathered there was no correlation between intensity and ratio of mineral present. Fig. 2 and 3 both show this in the K-Feldspar
peak at a 2ϴ of 27.6 where for the pure sample the intensity or counts was 40000 and was about 7000 for 20% K-Feldspar, and for the 50% and
80% K-Feldspar the counts were both around 20000 when mixed with Quartz or Hornblende. Another example of the intensity not matching the
ratios present is seen in the quartz in Fig. 2 and 4. Fig. 2 shows that for both the pure Quartz and 80% Quartz the number of counts of 2ϴ was
around 40000 despite the decrease in total amount present and in Fig. 4 the same thing happens. Fig. 4 shows that for the 100% and 80% Quartz
both the counts of 2ϴ at 26.7 are both nearly the same at 45000. This indicates that XRD is not useful in determining percentage of minerals
present but can instead be used to determine minerals present in an unknown sample. This is also indicated in Fig. 6 where the known ratios
were compared to the XRD determined ratios and in some cases it worked well, but in others it was off by more than 30%. Fig. 6a compares the
feldspar and hornblende ratios and it indicates that the amount of hornblende was consistently an underestimate from the actual known
amount, but it was able to identify that it was present. This is also true for Fig. 6b but the results were better with the XRD determine within a
10% range of the known ratios. The accuracy isn’t the best, but XRD can be used to help identify minerals present in an unknown sample and
then other techniques should be used to determine ratios of minerals present
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